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n vu» Mflh |nrnMPf)STTE r n^ym RV FMULSTON SYNTHESIS 

FiPld of thP Invention 

This invention relates to composite materials having reduced 
permeability to small molecules, such as air, and which has enhanced 
mechanical properties. More particularly this invention relates to 
layered silicates intercalated with an emulsion polymer. 

Rackoround of the I nvention 

Layered clay minerals such as montmorillonite are composed 
of silicate layers with a thickness of about 1 nanometer. Dispersions 
of such layered materials in polymers are frequently referred to as 
nanocomposites. 

Recently, there has been considerable interest in forming 
nanocomposites as a means to improve the mechanical properties of 
polymers. Incorporating clay minerals in a polymer matrix, however, 
does not always result in markedly improved mechanical properties of 
the polymer. This maybe due to the lack of affinity between the 
layered silicate materials and the organic polymers. Thus it has been 
proposed to use ionic interactions as a means of incorporating clay 
minerals in a polymer. In this regard, see for example U.S. Patent 
4,889,885 and U.S. Patent 4,810,734. This type of approach, unfortu- 
nately, has limited usefulness. Indeed, a more direct, simple, and 
economic approach to preparing nanocomposites is highly desirable. 

One object of the present invention is to provide a latex 
comprising a layered silicate intercalated with an emulsion polymer. 

Another object of the present invention is to provide a 
composite material formed from a dispersion latex of a layered 
silicate and an emulsion polymer which material has reduced 
permeability to small molecules such as air, and improved mechanical 
properties. 
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, . , te features and advantages of the 
These and other objects, featu ' es descript ion which 

present invention will become more apparent from the descr p 

follows. 

cmmar y nf tP » Invention 

hn rf4m»nt of the present invention, a latex is 
In one embodiment ot me v < n+ov .r a i a ted with a 

„«h a lavered mineral intercalated wun 
provided comprising water and a layered 

polymer emulsion. 

. * nf the oresent invention provides a 
nanocomposite comprising a layerea 
emulsion polymer. 

Another aspect of the present Invention comprises a blend of 
. first £2 »it h . nanocomposite closed of . layered m,nera, 
intercalated with an emulsion polymer. 

Thp nrocess for producing the latex of the present invention 
„s " spe/sion of ^^^^ 

or monomers, such as an ol ^ n poiymerizing the monomer or 

wr to t nTuu, p s r„ i:,nd . ^ 

"-rof Z late', comprises yet another ert,odiment of the 

present invention. 

» composite material formed from the latex of the present 

invention has improved —Id ^« - ^ 
ability to small molecules such as a,r . a "9 ' - - " 
in a range of applications, particularly as a t,« liner 
tubes, barriers, films, coatings and the like. 


fl f ^l»rl n» «rrintion 

An, natural or synthetic layered mineral capable of being 
intercalate!., be employed in the present invention, however, 
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.ri11.1t. . saponite, beidellite, montroMte « on e Steve 
vermlculite, and h.llosHe. Of these .ontmorillonite Is preferred. 

The swelling agent used in the practice of the present 

1nveotio „ :: e a :WoJcap. bl e * :r 

,„d thereby increasing the distance between tt, , 1 « • 

„™f.rred swelling agents are hydrocarbyl onium salts represent , 

77ZZ-*WW and where A- denotes 

as hallde, «-. ■>,-. »r and the me; H eno es K S . . • 

and R4 independently denote hydrogen alkyl, aryl or ally! g P 

.„ ch .ay be the same or different, provided at least « •"*'* * 

other than h,dro,en,and Py denotes the pyrldinium or alley! subst,- 

tuted pyridinium group. 

It will be readily appreciated that some of the above 
mentioned swelling agents are also emulsifying ^J^'J, 
those instances when the swelling agent is not an emulsifying age 
r f rab„ an emulsifying agent w„l be employed in carrying o 
polymerization. Optionally, of course, another emulsifying gent m y 

eTe ve the sweiling agent has emulsifying proper - 

e ther event, the emulsifying agent will be one typically u ed ,n 
e^slon polymerization processes. Catlonic emuls1f„ng agents and 
„ 0 „-1on1c emulsifying agents are preferred. 

The polymers and copolymers referred to herein as emulsion 

p.iymers are 'J. formed by vision ^^J^ ^ 
included are polymers based on one or more water ,mmisc,ble, free 
rSul Pdly^zable, monomers such as ^ < 
«„« 1a llv stvrene or paramethyl styrene, butadiene, isoprene, 
C rile racr,,on, P ,r,le. Particularly preferred are styrene 
rubber copolymers. I.e., copolymers of styrene and butadiene sopr ne 
chloroprene and acrylonUrHe. Especially preferred » the practice 
of the present invention are homopolymers and copolymers having a 
a transition temperature less than about O'C. a numb age 
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secular weight above 5,000g/mole and especially above 15,000g/mole. 
Also, the preferred polymer will contain some unsaturation or other 
reactive sites for vulcanization. 

The latex of an intercalatable mineral having an emulsion 
polymer intercalated in the mineral is prepared by forming a disper- 
sion of the layered mineral in water and including the swelling agent. 
Typically, the mineral is first dispersed in water by adding from 
about 0.01 to about 80 grams of mineral to 100 grams of water and 
preferably, about 0.1 to about 10.0 g of mineral to 100 g of water, 
and then vigorously mixing or shearing the mineral and water for a 
time sufficient to disperse the mineral in the water. Then the 
hydrocarbyl onium salt is added to the dispersion, preferably as a 
water solution, and with stirring. 

The amount of the onium salt used in the process of the 
present invention depends on the type of layered material and monomers 
used as well as process conditions. In general, however, the amount 
of onium salt used will be in the range of the cation co-exchange 
capacity of the layered mineral to about 10% to about 2,000% of the 
cationic exchange capacity of the layered mineral. 

Next, the polymer latex is formed by adding to the mineral 
dispersion an emulsifying agent, if desired or necessary, the 
appropriate monomer or monomers, and free a radical initiator under 
emulsion polymerization conditions. For example, styrene and isoprene 
are polymerized in the mineral dispersion using a free radial poly- 
merization initiator while stirring the reactants. The copolymeH- 
zation typically is conducted at a temperature in the range of about 
25-C to about 100-C and for a time sufficient to font, the polymer 
latex, followed by termination of the reaction. 

The latex described above can be used to form coatings or 
films following standard techniques employed for forming such materi- 
als. Additionally, the nanocomposite of the layered silicate mineral 
and the polymer may be recovered by coagulating the latex, and drying 
the solid composite. The solid composite can then be formed into tire 
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n - c „v inner tubes using conventional processing techniques 

molding. 

I„ one embodiment of the presort Invention the nancomposlte 
„ dlspers h mother poly^r, such ,s a styrene-rubber cop.lymer 
3 n on , rubber .111 or en Interna, mixer Pre era * * 

„ opposite * - Uh • e Jit Tf 

.onomer or monomers used 1. forming the n.nocomp s te The »ou t 
the nanocomposlte 1n the polymer tfl.1c.ll, .ill be in the range 
about 0.1 to about 70 wt.%. 

producing tire Inner liners the polymer blended with the 
„,„oco TO os1te of this invention preferably .111 - - « 
weight of greater than about 10,000 and some unsatura ,on or other 
reactive sites so that it can be vulcanized or cross-l,n k ed ,n the 
bulk state. 

The invention will be more clearly understood by reference 
to the following examples. 

Fxamole 1 

A layered silicate, montmorlllonlte da, (18g), was slurried 
with w.ter (450g) which had been deg.sed by sparging with nitrogen^ 
T e slurry was s irred overnight at 2VC. The clay was d,sper ed n 
th at r „ a Waring blender for three minutes and then e, sed 
further Dodecy, trlmethyl bromide (».7.) was d.ssolved n 

aid water <»0„ and added to the clay 
strene (><,). and azoblsisobutyronitrlle (MB.) (0. 2 « , a >a Ur 
were blended and then added to the cla, slurry. The 
Ihanicall, stirred for 20 hours at „-C and for » ours aj . 5 a 
which time polymerization was terminated w. h a g >gu t of 
.iitureof (0.24g) 2,6-d1-tert-butyl-4-methylphenol, (1.6g) hydro 

"one (O S,)'' Utr-U ^^^T^TZ 
hydrodnnamate)] methane and 200 ml methanol. The net result was 
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formation of an emulsion containing a layered silicate having a 
styrene-isoprene copolymer latex intercalated in the layered mineral. 


Fx ample 2 


A solid nanocomposite was formed from the latex of Example 1 
by adding an excess of methanol to the latex, separating the solid 
from the liquid aqueous phase and washing the solid six times with 
methanol, followed by drying for about 18 hours at 60'C under vacuum 
and for 48 hours at 23 *C in vacuum. 


Fxamole 3 


A portion of the solid nanocomposite (20 grams) of Example 2 
was then melt blended at 130'C in a Brabender mixer for 5 minutes with 
a styrene-isoprene copolymer (20 grams) that was synthesized identi- 
cally but had no clay. The blend of nanocomposite and the clay-free 
styrene-isoprene copolymer was cross-linked by roll milling the blend 
with stearic acid (1 phr), zinc oxide (3.9 phr), and tetramethyl 
thiuram disulfide (accelerator) (1 phr) at 55'C for ten minutes. Then 
the blend was hot pressed into 20 mil films and cured for 20 minutes 
at 130'C. The films were tested on a Mocon 2/20 for oxygen 
transmission at 30'C. The results are given in Table I below. Also 
shown in Table 1 were the results obtained with a film formed from a 
styrene-isoprene copolymer that had been synthesized identically but 
had no clay. (Comparative Example 1) 

Uniaxial tensile properties were also measured on mini- 
tensile film specimens using an Instron tester. The stress-strain 
measurements were performed at room temperature and at an extension 
rate of 0.51 mm/min and the results are shown in Table 2 below. Also 
shown in Table 2 and labeled as Comparative Example 1 are the tensile 
properties obtained for a polystrene-isoprene copolymer that was 
synthesized identically to that in Example 1 but had no clay. 
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TABLE 1 

cra3 x MILS* 

Film Vff Claj nxyqen Tnnswssion ^TTlThr. 


Example 3 20 " *7138 

Comparative 12,340 
Example 1 0 


*Mocon 2/20 9 30'C 
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CLAIMS: 

1. A latex comprising: water and a layered mineral 
intercalated with a an emulsion polymer. 

2 The latex of claim 1 wherein the layered mineral is a 
natural or synthetic mineral selected from the group consisting of 
smectite clay, montmorillonite, saponite, beidellite, montromte, 
hectorite, stevensite, vermiculite, and hallosite. 

3. The latex of claim 1 wherein the polymer is formed from 
a free radical polymerizable olefinic monomer or monomers 

4. The latex of claim 1 wherein the polymer is a styrene- 
containing copolymer. 

5. The latex of claim 4, wherein the copolymer contains a 
comonomer selected from the group consisting of butadiene, isoprene, 
chloroprene and acrylonitrile. 

6. The latex of claim 5 wherein the layered material 1s 
montmorillonite. 

7. A latex comprising: 

water and a natural or synthetic layered mineral inter- 
calated with a polymer or copolymer, wherein the layered mineral is 
selected from the group consisting of smectite clay, montmorillonite, 
saptolnite, beidellite, montronlte, hectorite, stevensite, vermi- 
culite, and hallosite and wherein the^olymer or, copolymer is formed 
"from "a free radicaVpolymerizable olefinic monomer or monomers. 

8. The latex of claim 7, wherein the olefinic monomer or 
monomers are selected from the group consisting of styrene, para- 
methyl styrene, butadiene, isoprene, chloroprene and acrylonitrile. 
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9. A nanocomposite comprising a layered mineral inter- 
calated with an emulsion polymer. 

10 The nanocomposite of claim 9 wherein the layered 
mineral is selected from the group consisting of smectite , c : ay 
montmorillonite, saponite, beidellite, montronite, hectonte, 
stevensite, vermiculite, and hallosite. 

11. The nanocomposite of claim 10, wherein the polymer is 
formed from a free radical polymerizable olefinic monomer or monomers. 

12. The nanocomposite of claim 11, wherein the polymer is a 
styrene-containing copolymer. 

13 The nanocomposite of claim 12, wherein the styrene- 
containing copolymer is a copolymer of styrene or paramethyl styrene 
with a monomer selected from the group con^stmg of butad.ene, 
isoprene, chloroprene, and acrylonitrile. 

14. The nanocomposite of claim 13 wherein the layered 
mineral is montmorillonite. 

15. A polymer blend which comprises: 

a first polymer and a nanocomposite of a layered mineral 
intercalated with an emulsion polymer. 

16. The blend of claim 15 wherein the first and emulsion 
polymers are formed from the same monomer or monomers. 

• '""7 7 ;" Th 71£„ < r ofTl^iMl6''where^^e , first and emulsion 
polymers are copolymers. - - - 

18 The blend of claim 17 wherein the amount of nano- 
composite in the blend is in the range from about 0.1 to about 70 
wt.%. 
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19 The blend of claim 18 wherein the copolymer is a 
copolymer of styrene or paramethyl styrene with a monomer selected 
from butadiene, isoprene, chloroprene and acrylomtnle. 

20. A process for producing a latex including a nano- 
composite material which comprises: 

dispersing a layered mineral in water to form a dispersion; 

adding a swelling agent to the dispersion; and thereafter 

polymerizing a free radical polymerizable olefinic monomer 
or monomers in the presence of the dispersion under emulsion 
polymerization conditions to forma latex including the 
nanocomposite material. 

21 The process of claim 20 wherein two monomers are co- 
polymerized, one being a styrene or paramethyl styrene monomer and the 
other being butadiene, isoprene, chloroprene, or acrylomtnle. 

22. The process of claim 21 wherein the swelling agent is a 
hydrocarbyl on i urn salt. 

23 The process of claim 22 wherein the hydrocarbyl onium 
salt has the formula A-M+R^R*, 0 r A-Py+R* wherein or A" is an 
anion; M is N, S, or P; Rl, R2. R 3 , and R* independently denotes the 
same or different hydrogen, alkyl, aryl or allyl groups, and P y 
denotes a pridinium or an alkyl substituted pyridium group. 

24 The process of claim 23 wherein the polymerization is 
conducted in the presence of an emulsifying agent at a temperature in 
the range of about 5'C to about 100'C for a time sufficient to form 
the latex. 

25 The process of claim 24 including adding a coagulating 
agent to the latex to coagulate solid nanocomposite and thereafter 
separating the solid nanocomposite. 
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